ABSTRACT. The effects of different light quality treatments on in vitro growth and multiplication of sugarcane (RB867515) were investigated. The plantlets were cultivated on MS medium containing 1.3 μM 6-benzylaminopurine (BAP), and exposed to five light treatments: three combinations of blue/red LED (70:30, 50:50, 30:70), white-LED and fluorescent lamps, during 24 days. Among the LED light treatments, blue/red combination in 50:50 proportions proved to have the best results for stem length, fresh mass, leaf number and shoot multiplication. Higher content of photosynthetic pigments was also obtained with LEDs. Results suggested that the light quality emitted by LEDs was suitable for plant growth and development and it may be used as alternative and economic light source for micropropagation of sugarcane variety under analysis.
Introduction
Sugarcane (Saccharum spp., Poaceae) is an important agricultural crop which is capable of producing valuable by-products such as sugar, biofuel, biofibers, wax and bioplastic (Singh, Kumar, Tiwari, Rastogi, & Singh, 2013) . Favorable soil and climate conditions rank Brazil as the world's major sugarcane producer, followed by India and China (Monteiro, & Sentelhas, 2014) . Among the several commercially cultivated varieties of sugarcane developed by the RIDESA (Brazilian Interuniversity Network for the Development of Sugarcane Industry) breeding program, RB867515 is one of the most frequently planted varieties in Brazil, featuring drought tolerance, high sucrose content, rapid growth and high productivity (Daros, Oliveira, Zambon, & Bespalhok Filho, 2010) .
In vitro multiplication of sugarcane has recently received considerable research attention owing to its economic importance. Micropropagation techniques have facilitated the rapid multiplication of newly developed varieties and assured the production of high quality and disease-free plantlets (Snyman, Meyer, Koch, Banasiak, & Watt, 2011) . Although sugarcane is one of the main species propagated in Brazilian plant biofactories (Gerald, & Lee, 2011) , several limitations exist concerning the feasibility of sugarcane micropropagation. In fact, high production cost is a very important issue and the development of new technologies is required to such an end. Innovations, such as the use of light emitting diodes (LEDs) instead of white fluorescent lamps, have given satisfactory results for a variety of plants cultivated in vitro like cotton, anthurium, rapeseed and banana (Budiarto, 2010; Li, Xu, & Tang, 2010; Li, Tang, & Xu, 2013; Vieira et al., 2015) .
LED irradiation system has several advantages over conventional light systems. These include (Gupta & Jatothu, 2013; Darko et al., 2014) . Since different spectral light quality influences morphological and/or physiological aspects of plants in in vitro culture conditions, the effect of alterations in the spectral profile of light on growth and multiplication of sugarcane is evaluated.
Material and methods

Plant material and growth conditions
Sugarcane plantlets (variety RB867515), previously established in vitro, were provided by Biofactory Governador Miguel Arraes (Recife, Brazil) and transferred to test tubes with 10 mL of MS (Murashige & Skoog, 1962) liquid medium supplemented with 3% sucrose, 100 mg L -1 myoinositol and 1.3 μM BAP. The pH of the medium was adjusted to 5.8 prior to sterilization and cultures were maintained during 24 days in a growth room at 25 ± 2ºC, under 16 h photoperiod and one of the five light treatments.
Light treatments
There are two parts in each light-emitting diode set: an easily detachable electric circuit for emitting light and one direct current power supply used to control the light intensity by electricity adjustment. The illumination system consisted of RGB LED-bars (IHS, New York), each containing 15 triple-LED-chips. LED-bars were assembled and fixed in panels (40 × 30 cm) which were placed approximately 10 cm above the test tubes. Experimental plants were randomly assigned to each light treatment and their corresponding photosynthetic photon fluxes (PPF) were as follows: (1) 
Plantlets growth and multiplication
The effect of each light treatment was evaluated according to the following growth parameters: stem length, fresh mass, number of tillers and number of leaves per plant. The stem length was measured, with a ruler, from the base of stalk to the last expanded leaf. So that fresh mass could be weighed, the material was removed from the culture test tubes and immediately weighed in an analytical balance to prevent dehydration. The number of leaves (green and senescent) and shoot multiplication of plantlets was also examined and counted.
Photosynthetic pigment contents
For chlorophyll and carotenoid extraction 0.2 g of fresh leaf tissue was used, and samples were ground in a mortar. The extraction was performed with 20 mL (V) acetone 80%, and the optical density was measured with a UV-VIS spectrophotometer (SP-220, Biospectro, São Paulo) at 663 nm for chlorophyll a (Chl-a), at 645 nm for chlorophyll b (Chl-b) and at 470 nm for carotenoid. Chlorophyll and carotenoid contents were determined using equations of Lichtenthaler (1987) .
Statistical analysis
The experiment consisted of a completely randomized design, with five light treatments and 25 replications. The experimental unity consisted of one test tube containing a single plantlet. Data were processed by ANOVA and the mean differences were compared by Scott-Knott test, using the software Assistat ver. 7.6 beta (UFCG, Campina Grande). 
Effect of lighting spectral quality on contents of pigments
Chlorophyll and carotenoid concentrations of sugarcane plantlet leaf varied in response to different spectral light qualities (Figure 2 ). Chl-a contents were highest in WL, followed by blue/red LED treatments. The lowest concentrations of Chl-a, Chl-b and Chl (a+b) were found in plantlets cultivated in FL and B:R=70:30 LED light. Chl-b and Chl (a+b) content in the other spectra studied did not differ statistically. Exposure to WL was beneficial for the accumulation of carotenoids pigment. 
Discussion
Plant growth and development are strongly influenced by spectrum light quality, or rather, the wavelengths reaching the plant's surface (Chen et al., 2014) influence several anatomical, physiological, morphological, and biochemical parameters. Current results showed that the evaluated growth parameters were affected by the light treatments applied (Table 1) . Among the LED light treatments, B:R=50:50 promoted the highest stem length, fresh mass production and tillering of the sugarcane plantlets. Similar results with blue/red LED in equal proportion were obtained in cotton (Li et al., 2010) and in sugarcane variety RB92579 (Silva et al., 2014) . A mixture of blue and red light sources may compound the advantages of monochromic red and monochromic blue light (Li et al., 2013) , and the best proportion needs to be studied for each species. Plantlets cultivated under B:R=70:30 LED treatment also provided high fresh mass, the lowest number of senescent leaves and the highest percentage of green leaves, 71.4%.
Fluorescent lamps promoted the highest leaves which, consequently, increased the plants fresh weight. However, the number of senescent leaves was also higher in this treatment, with nearly half of the total number of leaves. The most remarkable events in leaf senescence are the loss of chlorophyll and the disassembly of the photosynthetic apparatus, resulting in a decrease in the photosynthetic energy conversion capacity and efficiency (Falqueto, Cassol, Magalhães Júnior, Oliveira, & Bacarin, 2009 ). This fact may reduce the survival rate of plants during acclimatization. Plantlets of the sugarcane variety RB862552, grown under red LEDs, had higher surviving percentages when compared to plants grown under fluorescent lamps (Rocha, Oliveira, & Scivittaro, 2013) .
Tillering was present for all light sources in the experiment, and multiplication rates between 2.22 and 3.33 were readily obtained. In Anthurium, a larger number of shoots was observed when exposed to a higher amount of blue LEDs rather than red (Budiarto, 2010) , and in Brassica napus the best proliferation rate was obtained with 100% blue LED (Li et al., 2013) . As observed in the variety CTC-07, the highest rates were obtained when sugarcane plantlets were cultivated under FL. The effects of LED light in growth, morphology and tillering have been studied in several sugarcane varieties (Maluta, Bordignon, Rossi, Ambrosano, & Rodrigues, 2013; Rocha et al., 2013; Silva et al., 2014) , suggesting that LEDs are an interesting light source for micropropagation. However, results suggest that the role of spectral light quality in controlling in vitro morphogenesis is not yet fully understood and may differ according to species and/or cultivars.
Light quality is a significant environmental factor that influences the biosynthesis of photosynthetic pigments. Plantlets of the sugarcane var. RB867515 cultivated under WL presented the highest Chl-a content (Figure 2 ), probably due to the spectral profile of white lighting, as has been reported in other sugarcane varieties (Silva et al., 2014) . Among the blue/red LED spectra, only the treatment with higher proportion of blue LED (B:R=70:30) differed from the others, with a reduction of Chl-a, Chl-b, and Chl (a+b) contents. This behavior also occurred in FL and indicated that maximum and minimum light intensity applied (B:R=70:30 and FL, respectively) failed to benefit the synthesis of pigments. The highest Chl-a content in sugarcane variety CTC-07 was produced under 100% blue LED light (Maluta et al., 2013) . However, the chlorophyll content of in vitro plantlets grown under different light qualities may be correlated with species or cultivars (Li et al., 2013) .
Carotenoid is the auxiliary pigment of antenna complexes in chloroplasts. They may help in the photo-protection of chlorophyll molecules, determining the dissipation of excess energy and the protection against toxic reactive oxygen species (Ramel, Mialoundama, & Havaux, 2013) . In current study, the carotenoid content of sugarcane leaves under white and B:R LED treatments was higher when compared to fluorescent light. In fact, it is one of the advantages presented by LED spectrum.
Conclusion
This study has shown that LED-based lighting is potentially advantageous for in vitro culture of sugarcane var. RB867515. The spectral quality, provided by the combination of blue/red LEDs in equal proportion, was an effective lighting source to the development of plants. Further, it also improved the physiological quality of sugarcane plantlets produced. Current results should be confirmed by assays with other varieties of sugarcane.
